Best 

Available 

Copy 


AD-A014  864 


CASTING  OF  HALIDE  AND  FLUORIDE 
ALLOYS  FOR  LASER  WINDOWS 

R.  T.  New  berg,  et  al 

Raytheon  Company 


J 

Prepared  for: 

Air  Force  Cambridge  Research  Laboratories 
Defense  Advanced  Research  Projects  Agency 

15  April  1975 


DISTRIBUTED  BY: 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 


»DAU14»04 


,^s A 3l^ytefSV>^ 


272115 
AFCRL-TR-75-0289 

J 

i 

, CAST!  NG  OF  MALI  DE  AND  FLUORI DE 

; ALLOYS  FOR  USER  WINDOWS 

R.T.  Newberg 
J.  Pappis 

Ra>1heon  Research  Division 
Waltham,  Massachusetts  02154 

15  April  1975 

Semiannual  Technical  Report  No.  2 


Approved  for  public  release;  distribution  unlimited 

J 


i 


Sponsored  by 

Defense  Advanced  Research  Projects  Agency 
ARPA  Order  No.  2669 

Pvpioducd  by 

, NATIONAL  TECHNICAL 

Monitored  by  information  service 

^ US  Dnpertment  of  Commerco 

Springf<«M,  VA.  231S1 

AIR  FORCE  CAMBRIDGE  RESEARCH  UBORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 
UNITED  states  AIRFORCE 
HANSCOM  AFB,  MASSACHUSEHS  01731 


I dibtnac  j 


ARPA  Order  No. 
2660 


Program  Code  No. 
4D10 


Name  of  Coritractor 
Raytheon  Research  Division 


Effective  Date  of  Contract 
March  1 5,  1974 


Contract  No.  ^ 
F19628-74-C-0148' 

a 

Prin.  Investigator  and  Phone  No. 
Dr.  James  Pappis  (617)  899-8400 
ext.  3941 


AFCRL  Project  Scientist  and 
Phone  No. 

Dt'.  John  J.  Larkin 
(617)  861-4807 


Contract  Expiration  Date 
September  14,  1975 


1 fe'CSSSIOii  u 


im  sjcimu 

OIS  »WI  !«!t« 

JJjTiUCMUH - I 


ir 


>:5’SlCCfK)1l/*r»ll»8!iin  CMB 

tiH.  ~ iiv«iirr«vv'?%citL' 


QualrftedTequebtorsTTrty  obtain  additional  copies  from 
the  Defense  Documentation  Center.  All  others  should 
apply  to  the  National  Technical  Information  Service. 


security  classification  of  This  page  rRTlfn  r>»lm  l-nirtrj) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  ]2  GOVT  ACCESSION  NO. 

AFCRL-TR- 75-0289  | 

3 RECIPIENT’S  CATALOG  NUMliER 

4 title  (mtyd  Subtit’e) 

Casting  of  Halide  and  I'luoride  Alloys  foi-  Laser 
Windows 

S TYPE  OF  REPORT  S PERIOD  COVERED 

Semiannual  Technical  Report 
No.  2 

6 PERFORMING  ORG  REPORT  NUMBER 

S-1864 

7 AUTMORf*; 

R.  T.  Newberg 
.1.  Pappis 

B CONTRACT  OR  GRANT  NUMDERf%) 

F 19628-74-C-0148 

9 PERFORMitIG  ORG  ANI  ? AT  ON  NAME  AND  ADDRESS 

Ra;ythecn  Company 

Ue, search  Division  \ ; 

\'Valtham,  MA.  021  54  - * 4 

<>  ''A 

10  program  element  project,  task 

AREA  6 WORK  UNIT  NUMBERS  ^ 

OilOlE  ; 

2669-n/a-n/a 

1 1^  CONT  ROLLING  C^<F  iCE  N TMF  and  AODRj  SS 

/\ii‘  Foi'ce  C^rnbridgi?  Research  I^aboratories  j 
Haascom  A i,'  Force  Base,  I'lA.  01731 

('ontract  Monitor:  John  .1.  /..arkin/ LOl 

12  report  DA  E . 

April  18.  1975  ^ " 5 

13  number  of  pages  1 

68  ; * 

IB  MONITORING  agency  NAME  » ADDRESSfil  dlllrtr,  t lirm  CDri  f.U/inS  ORir.) 

IS.  security  class.  (oI  this  report'  I 

Unclassified 

ISvi  DE  CL  ASSI  PiC  ATION  DOWNGRADING 

schedule 

1 16  Distribution  statement  (oi  this  Report)  I 

Approved  for  public  release;  distribution  unlimited 


17  Distribution  statement  fol  thf  nhtfrnrt  in  l)h>ck  20,  tl  diHetent  /fom  Report) 


18  supplementary  notes 

This  research  was  sponsored  by  I^efense  Advanced  Research  Projects 
Agency.  ARPA  Order  No.  2669. 


19  KEY  WOROS  (Continue  on  rev^r^r  ^icle  il  nnc^xsnrv  nnti  id^nttiv  ^v  l*lnck  number) 

Infrared  Materials  Casting 

Alkaline  Earth  Fluorides  Optical  Properties 

Calcium  Fluoride  Mechanical  Properties 

Strontium  Fluoride 


20  ABSTRACT  (Continue  on  reverse  ntd-  if  nece^nery  f»nd  fdentily  ^v  bh>rk  number) 

During  the  second  six  months  of  this  program  high  quality  castings  of  both 
CaF2  and  SrF2  were  fabricated  regardless  of  the  starting  material.  That  is, 
either  high  purity  single  crystal  chips  or  "reagent"  grade  powder  pre-treated 
at  elev'ated  temperatures  in  teflon  vapor  may  be  used  to  yield  equivalently 
cast  ingots.  The  calorimetrically  measured  5.25pm  bulk  absorption  coeffi- 
cient of  cast  Cal'2  has  been  consistently  attained  near  4.2  X 10~^cm~^  regard- 
less of  starting  material.  In  preliminary  results  for  cast  Sr]''2i  the  5.25pm 
bulk  absorption  coefficient  lies  near  6.  7 X 10~^  cm~^  and  1.  7 x 10~^cm~^  for 
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-Abstract  (( 'out ' d.  ) 

iiiRot.s  cast  IdH.m  sin.^lc  crystal  e hips  and  prc-trcatcd  powrlc,’,  i-espcctivcly. 
•Strained  ingots  ot  ( al  .^  were  succ-ssfulJy  strain  anmsalcd  at  900°(’  c*ithei-  in  a 
yacuum  or  m an  inert  atmosphere.  Strained  ingots  oF  Sri'  were  successfully 
sti  ain  annealed  at  1000  ('  in  a liigdi  s'ai'uuni.  “ 

Preliininarv  nieetianii'al  nu  asurements  on  cast  and  single  crystal  ('ah' 
and  cast  and  single  crystal  Sri  u show  ay.f  age  fracture  strengths  ranging  ^ 
rom  UOOO  „.h,  u,  2H,  200  7200  psi  u,  20,  000  psi,  from  10,  flOO  psi  to 

10,  000  psi  and  from  ]].  IlOO  psi  to  10.  -lOO  psi,  respectively,  dependimr  both 

cd  sam'nlc!-’^-''  and  on  wlicUiei-  or  not  the' polisli- 

^ prior  to  testing.  1 his  dependence'  is  evidence  that 

Ui(  frac  ture  strength  is  limited  by  surface  and^n-  edge  flaws.  The  prclim- 

strength  ofcm  ^ and  Srh  2 ancl'^r  poly- 
( I sstallinc’  ca.st  and  smgle  crystal  material. 


^riX'irNirAi-  PiUXii^AM  sl^ivimaky 

The  main  objective  of  tlii.s  profjram  is  to  demonstrate  tlie  leasibility 
of  fusion  casting  of  alkali  halides  and  alkaline  earth  fluorides  for  high  power 
laser  window  applications.  Tiie  main  effort  deals  with  the  iabrication  and 
property  evaluation  of  the  alkaline  earth  fluorides. 


During  tin  second  sL>.  montlis  of  this  program  high  cjualit/  eastings  of 
both  C'aK,,  and  .Sri'.,  were  fabr icatedp-egardlcss  of  the  starting  material.  1 hat 

Ct  ^ 

is,  either  high  purity  single  ci’ystal  chips  or  pre-treated  "reagent"  gi-ade 
powdei-  can  be  used  as  starting  material  to  yield  equivalently  cast  ingots. 


Castings  of  CaIC_,  were  attempted  in  an  inert  atmosphei'e  of  purified 
argon  (1-aO  torr).  'I'hc  advantage  over  vacuum  casting  is  that  unidirectional 
solidification  is  better  accomplished  because  of  the  better  heat  ti-ansfer  pro- 
vided by  the  gas. 


Preliminary  hot  forgings  of  polycrystalline  cast  were  done  at  ^ 

lOOO'C.  At  tlie  liigh  temperature  a large  grain  size  results  so  that  not  much'^ 
advantage  in  grain  size  reduction  is  gained. 

( alor imetr icollv  measured  5.  2 5pm  bulk  absorption  coefficients  foi’ 

-4  -1 

cast  Cal',_,  are  lieing  consistently  attained  near  4.2  X 10  cm  I'egardless 
of  the  starting  material.  I'liose  castings  of  P‘il'2  fabricated  in  an  inert  atmos- 
phere (purified  argon)  have  5.25pm  apparent  absorption  coefficients  typically 
greater  than  I / I0~"’  cm~\  although  one  excellent  casting  was  obtained 
(4.1  • 10  cm  M. 


in  preliminaiy  results  the  5.25pm  bulk  absorption  coefficient  of  cast 
••5  - 1 

SrI-'o  lies  near  G.  7 / 10  ' cm  for  an  ingot  using  single  crystal  chips  as 

^ -4-1 

starting  material  and  lies  near  1.7  y 10  cm  for  an  ingot  cast  from  purified 
"reagent,"  grade  powder. 


.Strain  annealing  of  highly  strained  cast  CaK„  has  been  successful  at 
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900°C  eiUur 
infants  of  cast 
only  in  a hiph 


m a vacuum  or  in  an  inert  atmosphere.  Similarly  strained 
Srl-^  have  been  successfully  strain  annealed  at  1000°C,  but 
vacuum  furnace. 


Mechanical  measurements  on  cast  Cal show  average  fracture 
strengths  ranging  from  a minimum  near  «000  psi  to  near  28.200psi.  depending 
on  both  the  .pialitv  of  polished  surfai  es  and  whether  or  not  the  polished  sam- 
nles  ari'  annealed  at  l*00°C  (a  strain  relief  procedure)  prior  to  testing.  The 
values  are  e.pmalent  to  the  values  obtained  for  single  crystal  CaF2  for  which 
similar  polishing  an.l  annealing  proc  edures  show  average  fracture  strengths 
ranging  f,-om  7200  psi  to  20.  aOO  psi.  In  preliminary  results,  the  average 
fracture  strengths  for  cast  and  single-  crystal  Srl  ^ range  from  10.800  psi 
to  !0.  000  psi  and  from  11 . liOO  psi  to  10.  400  psi.  respectively.  The  best 
(for  ( al  2>  surface  polish  has  not  yet  bec-n  evaluated  for  Srl-^.  but  these 
results  show  that  for  both  Cal  ^ and  Sri  ^ the  dependence  of  fracture  .strength 
on  both  surface  polish  and  annealing  historv  is  <-vidence  that  fracture  may  be 
dete.-mined  by  surfac  c-  and/  or  edge  flaws.  The  preliminary  results  also 
show  that  Srl  ^ is  e.piivalent  in  strength  to  Cal  ^ and  that  FJolycrystalline  cast 
material  is  equivalent  in  strength  to  single  cry.stal  material. 
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This  report  was  prepared  by  Kaytheon  Company,  Research  Division, 
Waltham,  Massachusetts  under  Contract  No.  K1  962B-74-C-0148  entitled 
''Casting  of  Halide  and  ITuoride  Alloys  for  Laser  Windows."  This  work  is 
supported  by  the  Advanced  Research  Projects  Agency  and  is  monitored  by 
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1.0 


INTROnUCTION 


The  primary  objective  of  this  program  is  to  demonstrate  the 
feasibility  of  fusion  casting  of  alkali  halides  and  alkaline  earth  fluorides 
for  use  as  windows  for  high  power  lasers-  In  a previous  program,  initial 
work  on  alkali  halide  alloys,  particularly  SrCl2 -doped  indicated  that 

casting  was  a promising  fabrication  process. 

I he  work  on  the  alkaline  earth  fluorides  is  being  stressed  bee  ause 
they  ai  e more  amenable  to  fabrication  by  fusion  casting  due  to  their  smaller 
volume  change  on  solidification  and  their  better  thermal  and  mechanical 
properties  compared  to  the  alkali  halides,  as  was  discussed  in  a previous 
report.  Therefore,  this  program  investigates  the  effects  of  casting 
parameters  and  annealing  procedur'^s  on  the  microstructure,  mechanical 
properties,  and  optical  properties  of  the  alkaline  earth  fluorides.  In 
additi-r.,  the  effects  of  impurities  and  alloy  additions  on  microstructure 
and  properties  are  being  evaluated,  l-lqually  significant  is  the  study  of  the 
importance  of  starting  materials  and  purification  schemes  on  the  optical 
absorption  and  scatter  of  the  cast  ingots. 


8 


2.0  HKSULTS 


2.  1 \'acuum  Coasting 

During  tlie  second  six  months  of  this  program,  the  main  effort  was 
directed  toward  the  fusion  casting  of  pure  alkaline  earth  fluoi-ides,  with  most 
empliasis  having  been  placed  on  SrK,^.  Doth  large  vacuum  furnaces  were  used, 
with  most  of  the  casting  (92  runs)  having  been  done  in  the  vacuum  hot  press 
(\  in^)  furnace  capable  of  ingots  of  about  five  and  one-half  inches  in  diameter. 
The  two-zone  (C'F)  furnace  was  used  for  casting  (11  runs),  annealing  (35 
runs)  and  purification  of  "reagent"  grade  powder  (17  runs).  Two  hot  forging 
runs  and  two  purification  runs  were  also  done  in  tlie  VHP  furnace. 

■fables  I and  II  list  all  the  runs  done  in  the  two  furnaces.  Figures  1 
anc  2 show  several  polished  windows  of  pure  C'al*',^  and  SrK^,  respectively, 
ca.it  in  the  laboratory.  The  grain  size  of  such  castings  is  large  - typically 
or  tlie  order  of  1 -2  cm. 

As  mentioned  above,  nearly  all  of  the  castings  were  produced  in  the 
\HIP  furnace  (an  all  graphite  system).  During  the  third  quarter,  six  runs 
(Cf'91  - 9fi)  were  attempted  in  the  two-zone  furnace  as  listed  in  Table  II. 
I'iariier  in  this  furnace,  as  was  discussed  in  a previous  report,  ^ there  had 
been  a problem  with  the  reaction  of  fluoride  vapors  with  the  insulating 
supports  for  the  molybdenum  elements  and  with  the  thermocouple  insulating 
tubes.  However,  these  six  runs  demonstrated  that  the  problem  is  associated 
only  with  PaP'2  and  not  with  SrF2’.  i.e.,  with  the  present  castings  of  SrF^ 
no  such  reactions  occurred  up  to  1500'C.  The  castings  were  generally 
discolored,  probably  a result  of  the  poor  vacuum  (1  - 10pm)  capability 
provided  by  the  mechanical  pump  vacuum  system.  A diffusion  pump  was 
installed  late  in  this  reporting  period  providing  vacuum  capability  of  at 
least  10  torr.  Five  initial  casting  runs  (CF  12  6-130)  were  attempted  using 
Srl'2.  I'ransparent  material  with  no  discolorations  was  obtained  but  cooling 
procedures  to  promote  unidirectional  solidification  still  need  to  be  improved. 
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TABLE  I 


VACUUM  HOT  PR1-:SS  (VHP)  RUNS 
PUIIE  Fl.UORIUES 


VHP  No. 

Material 

C omments 

284, 

285 

SrF2 

Small  castings;  cracked 

28G- 

■297 

( al<  2 

Large  castings;  good  runs 

300 

SrF2 

Large  casting;  cracked 

301 

CaF2 

In  argon  50  mm;  colorless  casting 

302, 

303 

CaF2 

Hot  forged  samples  (VHP-269)  at  1000°C 

304 

CaF2 

In  < 1mm  argon;  bluish  casting 

306 

CaF2 

In  5 mm  argon;  yellowish  casting 

307, 

308, 

309  CaF2 

l-'rom  purified  powder;  castings  cracked 

311, 

312 

SrF2 

Fast  cooled;  castings  cracked 

313 

Cal.'2 

In  15  mm  argon;  bluish  casting 

314 

CaF2 

In  50  mm  argon;  yellowish  casting 

316 

CaF2 

Small  casting;  intergranular  cracks 

317 

CaF2 

Remelt  VHP-309;  In  50  mm  argon  intergranular 
cracks;  colorless  casting 

318 

CaF2 

In  50  mm  argon;  no  cracks;  yellow-blue  casting 

319- 

321 

Sr  6 2 

Trouble  with  power  supply;  no  melting 

324 

CaF2 

Purification  of  powder  plus  two  percent  teflon 

32  5 

SrF2 

Purification  of  powder  plus  two  percent  teflon 

326, 

327 

SrF2 

Cooled  nominal  75°C/hr.;  cracked 

329 

SrF2 

Melt  VHP-325;  cooled  45°C/hr.;  cracked 
cloudy  ingot  (white  precipitates) 

332 

SrF2 

Remelt  VHP-326;  cooled  25°C/hr.;  good 

333 

CaF2 

Two  crucibles  in  furnace;  cooled  75°C/hr. 

334 

SrF2 

Cooled  15°C/hr.;  no  good 

335 

SrF2 

Purified  powder  (vacuum  baked);  cooled 
25“C / hr. ; good 

338 

SrF2 

Cooled  25“C/ hr.;  white  precipitates 

339 

CaF2 

Not  melted 

340 

SrF2 

Cooled  eO^C/hr.;  good  casting 

10 


'KATBLI':  1 (Cont'd.) 


341,  3 50 

CaK., 

Cooled  75°C/ iir. ; good 

342 

SrK2 

Cooled  75“C/hr.:  power  failure;  cracked 

343 

sn.-2 

Henielt  VHP-342;  cook'd  75°C'/hr.;  good 

344,  34  5 

Sri'-,, 

C'ool^'d  75°C/lii'-'>  cracked 

34G 

Sri- 

('ooled  45°('/hr-;  cracked 

348,  349, 

3 53 

SH-, 

Cooled  35°C/iif.;  good 

352 

SH.-^ 

Cooled  20°('/hr.;  cracked 

354 

( al-  2 

Cooled  35“C/hr.;  cracked 

35G 

Sri-  2 

Cooled  35"C/hr.;  cracked 

357 

SrI-'2 

Purified  powder  (vacuum  baked);  cooled 
7 5°C  / hr. ; opaque 

358 

Si' I-  2 

Hemek  \ HP-357;  cooled  35°C/hr.;  cracked 

3G0,  361 

Srl-'2 

VHP-361  renielt  of  \ HP-360,  cooled  25°C/hr.', 
good 

363 

Sri-  2 

Remelt  \ HP-3  58;  not  melted  completely 

364 

Srl'-2 

Molybdenum  crucible;  cracked  due  to  .sticking 

365 

Sri-  2 

Cook'd  25°C/lii'.;  cracked 

368 

S..K3 

d oo  high  tempi'rature;  melt  evaporated 

369,  370 

Sr  1-  2 

\'HP-370  remelt  of  \ HP-369;  cooled  35°C/hr.; 
good 

373,  374 

Srl'-2 

Remelts;  cooled  25’’C/hr.;  no  good 

375 

Sri'  2 

hi  2 5 mm  argon;  thermocouple  broke,  powi'r  off; 
cracked 

378-380 
382,  383 

Sri'  2 

Remelts;  no  good 

384 

Srl'’^ 

Remelt  \'HP-383;  cooled  25°C/hr.;  good 

387 

Cal'- 

Remelt  ('ry.stals;  manually  cooled;  cracked 

388,  389, 

393 

SH-, 

Purified  powder  (teflon  + roast);  opaque,  discolored; 
cj-acked 

390 

Sri'  2 

Purified  powder  (teflon  + roast);  cracked  but 
ti'ansparent 

394 

SrI'-2 

Purified  powder  (t('flon  - no  roast);  cracked  but 
clear 

395 

SrI'-2 

Remelt  \ HP-390  and  V 11  P-394;  cooled  35°C/hr.; 
good 

398 

Sri' 2 

Remelt  \’HP-384;  cooled  25°C/hr.;  good 

1 1 
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'l  AiiLl':  I (Cont'  d.  ) 


39D 

Sr  1-2 

Purified  powder  4-  remelt  deposits,  cooled 
25°('/hr.;  good 

400, 

402 

SH^ 

Itenielts  of  VHP-393  and  VHP-399,  cooled 
2 5”(7  lir. ',  good 

403 

CaF^ 

Manually  cooled:  good 

404 

Sri  2 

Remelt:  cooled  25“(7hr..  discolored  (green) 
cr-ac'ked 

405, 

409,  41  1 

C’aF 

Purification  with  Pbl'' 

408 

SH-, 

2 

Remelt  \ HP-404:  cooled  20-25° C / hr . good 

412 

Car--, 

Remelt:  manually  cooled:  no  good 
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TABLE  n 


TWO 


CF  No. 

70-77,  79-81  , 83-85 
82,  88,  89,  97,  98 
78 

86,  90 

87 

91 

92,  93 
94  - 96 

97,  98,  100,  104 
106,  107,  109,  110 
113,  117-119 

99,  101-103 

105,  111,  112 
114-116 

108,  122 
121.  121a,  123 
124,  125 
126-130 


-ZONE  FUKNACE  (CF)  RUNS 
PURE  FLUORIDES 


Material  Comments 


CaF„ 

Annealing  (900° C)  cast  ingots 

sn- 

Annealing  (900° C)  cast  ingots 

CaF 

Powder  purification  in  teflon  vapors  (900 

“O 

Sr,.- 

Powder  purification  in  teflon  vapors  (900 

°C) 

SrF 

Vacuum  bake  powder  (900°C) 

SrF 

Casting  failed  because  it  did  not  melt 

SrF^, 

Casting  in  teflon  vapor  (partial  pressure 
50  - 100pm).  Ingots  clear  but  cracked 

SrF2 

Casting  in  teflon  vapor(partial  pressure 
300  - 400pm).  Ingots  discolored  (pink) 
and  cracked 

SrF2 

Annealing  (900’C')  cast  ingots 

SrF 

Vacuum  bake  powder  (900°C) 

Vacuum  bake  powder  (900‘'C) 

SrF2 

Annealing  (10U0°C)  cast  ingots  in  teflon 
vapor  (partial  pressure  100pm) 

Srl'2 

Powder  purification  in  teflon  vaper 
(100-20(iim  partial  pressure)  ( 600°C). 

SrF2 

Annealing  (1000°C)  in  higher  vacuum 
(lO"'^  - 10“5  torr) 

SrF2 

Initial  casting  runs  to  test  new  vacuum 
system  and  Mo  elements.  Ingots  transparent 
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Polished 


At  the  beginning  of  the  casting  program  for  Srh'2.  it  was  noted  that 
thic  east  ingots  were  more  susceptible  to  cracking  (probably  from  thermal 
shock)  than  were  similar  ingots.  The  problem  was  in  general 

remedied  by  modifying  the  \’HP  furnace  to  include  temperature  control 
over  tlie  entire  range  necessary  (room  temperature  to  over  1500*t  ) as 
well  as  controlled  cooling  at  i'at('S  as  low  as  10‘C/  hr.  bor  casting  CaF„ 
bare  wire  Ft;  Pt-1  ^percent  Rh  thermocouples  can  be  used  for  temperature 
control,  with  an  optical  pyrometer  being  used  as  an  auxiliary  check  of  the 
t(*mperature . I'or  as  mentioned  above,  alumina-sheathed  Pt;  1^-13 

percent  Rh  theiunocouples  can  be  used. 

With  such  modifications,  the  present  procedure  for  obtaining  castings 
of  Srh'.j  and  Fal'2  is  as  follows  (for  tlie  vacuum  hot  press  furnace):  The 
charge  to  be  melted  (fluoride  plus  load  fluoride  added  as  an  oxide  scavenger  — 
usually  2-5  percent  by  weight)  is  loaiied  in  a covered  A'fJ  gi'aphite  crucible 
and  placed  in  the  furnace,  '['he  crucible  rests  on  a PG  (pyrolytic  graphite) 
pedestal  ("a"  axis  parallel  to  the  desired  direction  of  solidification)  which 

in  turn  rests  on  the  bottom  water-cooled  r’am.  A vacuum  is  drawn  and, 

-4 

when  it  reaches  10  torr,  the  furnace  is  brought  slowly  up  to  temperature 
in  about  three  hours.  'I’he  charge  is  held  at  1500*C  for  one  hour  to  i’lsure 
complete  melting.  During  this  time  the  water-coolant  to  the  bottom  pedestal 
is  turned  off  to  maximize  the  temperature.  In  the  final  15  minutes  of  melting, 
the  water  coolant  is  turned  on  to  establish  a thermal  gradient  in  the  crucible 
from  top  to  bottom,  in  order  to  promote  unidirectional  solidification.  The 
furnace  is  then  switched  to  controlled  cooling  at  the  desired  rate  by  adjusting 
the  clock-drive  controls.  After  complete  solidification  is  assured,  the  water- 
coolant  to  the  pedestal  is  again  turned  off  to  minimize  the  thermal  gradient  in 
the  ingot,  and  the  cooling  rate  may  be  reset  to  the  desired  cooling  to  room 
temperature.  The  total  process  requires  about  three  days  in  the  case  of  SrF„. 
Car'2  can  be  cooled  more  quickly  and  the  process  requires  only  one  day.  All 
of  the  castings  produced  in  the  above  manner  are  still  quite  strained  (probably 
due  to  residual  thermal  gradients  in  the  furnace).  Consequently,  each  sample 
must  be  subsequently  strain  annealed  in  the  two-zone  vacuum  furnace  prior  to 
further  handling,  as  will  be  discussed  below. 
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Starting  material  for  mo.st  castings  was  high  purity,  single  crystal 
chips  of  CaF2  (Optovac)  or  Srf  ^ (Harshaw).  However,  a number  of  castings 
of  and  Srh  ^ were  made  from  in-house  purified  "reagent"  grade  powder 

with  equal  success.  As  listed  in  Tables  1 and  2,  several  purification  schemes 
were  used.  One  has  been  discussed  before,  ^ using  teflon  vapors  at  elevated 
temperature  accoi'ding  to  the  following  thermodynamically  favorable  reactions: 

2CaO+C2l'.|(g)-2raF,  + 

2SrO+C2l.-,,g)-2SrF2+2CO(gj 


The  other  procedure  is  to  vacuum  bake  the  "reagent"  grade  powder  at  900°C 
to  remove  as  much  absorbed  watei-  as  possible.  The  partially  sintered 
powder  can  then  be  melted  in  the  normal  way  with  only  lead  fluoride  being 
added  as  an  oxide  scavenger  according  to  the  reactions: 

CaO  + PbF2  -^<^al'2  + FbO  or 

SrO  + PbF2  -^SrF2  + PhO 

with  the  PbO  and  any  excess  Pbl'^  being  removed  by  volatilization  under 
vacuum  at  the  elevated  temperatures. 

In  purifying  the  "reagent"  gj-ade  •‘^rF2  powder  (obtained  from  Barium  and 
Chemicals,  Inc.,  Steubenville,  Ohio),  both  procedures  were  used.  In  using 
the  teflon  vapor  technique  at  900“C  (('I'-86  and  90),  the  teflon  also  pyrolyzes 
(as  is  the  case  with  Cal*'2^)’  resulting  graphite  contamination  is  diffi- 

cult to  remove  by  subsequent  roasting  in  air  at  500°C.  'fhe  one  casting 
(VHP-329)  nadc  from  such  powder  was  opaque  (white  precipitates),  but  upon 
subsequent  remelting  with  additional  lead  fluoride  added,  transparent  castings 
were  obtained  (VHP-346  and  349).  Subsequent  teflon  vapor  purifications  were 
run  at  600 °C  (CF-121,  121a,  and  123)  resulting  in  little  or  no  pyrolysis  with 
no  obvious  graphite  contamination.  Nonetheless  several  such  purification  runs 
were  roasted  in  air  (500°C)  prior  to  casting  with  mixed  i-csults.  One  ingot 
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(VHP-388)  was  opaque  and  one  (VHP-390)  was  clear.  The  former  was 
remelted  several  times  (\  HP-389,  393.  and  400)  and  was  purified  to 
transparency.  However,  the  l)est  results  were  obtained  from  the  600*C 
teflon-treated  powder  with  no  subsequent  roasting.  Two  runs  (\'HP-394 
and  399)  produc  ed  c-lear  castings. 


In  the  purification  scheme  of  the  Sri  ^ powder,  it  was  noticed  that  the 
as-received  jiowder  is  contaminated  with  small  black  particles.  The 
particles,  being  magretic,  are  somewhat  effectively  removed  by  passing  a 
magnet  repeatedly  through  the-  powder.  (X-ray  diffraction  and  ion  probe 
analysis  show  the  contaminants  to  contain  I'e  - probably  iron  oxide  due  to 
the  reddish  brown  colored  powde-r  obtained  upon  grinding  - phis  trace- 
amounts  of  Al,  Si,  and  Ti.  ) After  sucli  a mechanic  tl  separation  some  con- 
tamination remains  because  the  vacuum -baked  (or  (;00“(  teflon-treated) 
powder  is  discolored  pink.  Mixe-d  results  were  obtained  in  casting  vacuum- 
baked  powder  (\  HP-333  and  337),  the  ingots  being  clear  and  opaque, 
respectively.  However,  on  remelting  the  opaejue  ingot,  transparent  ingots 
were  subsequently  cast  (VHP-338  and  3(i3). 


I eflon-treated  ( al  ^ (900°C)  gives  consistently  good  results  (VHP-307, 
308,  309,  and  317). 

It  was  at  first  noticed  that  castings  produced  from  purified  powder 
(both  Sri  ^ and  < al-^)  seemed  to  he  especially  sensitive  to  intergranular 
cracking  by  thermal  shock.  It  may  have  been  due  to  trace  residual  impurities 
(e.g. . residual  Pb)  at  the  grain  boundaries  with  increased  sensitivity  to 
thermal  shock,  as  will  be  disi  ussed  below.  The  problem  was  alleviated  by 
using  a crucible  cover  with  a hole  - the  hole  presumably  allowing  more 
volatile  impurities  to  escape  more  readily.  Subsequently  some  castings 
cracked  but  failure  was  predominantly  transgranular  in  nature,  i.e.,  cleavage 
acro.ss  large  grain.s. 


Selected  samples  of  "reagent  ' grade  fal-^  and  SrT^  were  analyzed  by 
emission  spectroscopy  (.larrell-Ash.  Waltham.  Massachusetts).  Table  III 
•shows  the  results  of  the  analyses  on  the  following  Cal-^  samples:  1)  As- 

reccived  "reagent"  grade  powder,  2)  A casting  (\  HP-272)  using  teflon- 
treated  powder,  and  3)  A casting  (VHP-273)  using  untreated  powder.  As 
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TABLE  III 


ANALYSES  OF  "REAGENT"  GRADE  CaF^  SAMPLES 


JARREU-ASH  DIVISION 

FiitMr  SciMtlfic  Comptny 


of  Analgaia 


10 


Raytheon  Coananv 


28  Seynn 


yalehe«  Q21S& 


JOSL Mr.  R.  Newhera  Mr.  Swift 


OA'C  RECfIvfD  . 
DATE  RErVRTEO 
ORDER  NO 


lfl/28/74 


9P-77S41 


SAHRIE  OESCRIRElON 
IN$:tUMENTATlCN 
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3.4  Meter  Ebert  Mark  IV  Spectrograph 
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can  be  seen,  the  teflon-treated  material  has  the  lowest  cation  impurity 
content,  containing  only  alkaline  earth  impurities  (Mg,  Sr,  and  Ha)  with 
no  Na,  Al,  t r,  Mn,  he,  or  C u as  is  present  in  the  as-received  powder. 

The  untreated  casting  is  somewhat  improved  over  the  as -received  powder 
but  is  not  as  impurity-free  as  teflon-treated  material.  The  casting 
analyses  compare  (except  for  Mg,  Sr,  and  Ha)  with  those  of  single  crystal 
chips  and  castings  made  from  such  chips  which  have  small  amounts  of  Mg, 
Si,  C’u  and  possibly  Al  and  I'e  for  total  analyzed  cation  impurity  levels  of 
1. 7 ppm  and  1.  1 ppm,  respectively.  ^ Table  1\  gives  the  limits  of  detection 
of  impurities  in  in  these  analyses. 


In  Tables  \"  and  \1  are  the  results  of  the  analyses  on  the  following 
Sri- 2 samples:  table  \ — 1)  As-received  "reagent"  grade  powder, 

2)  \ acuum-baked  powder,  and  3)  A casting  (\  Ill>-35«,  a remelt  of  \ HF-357) 
initially  using  vacuum-baked  powder  and  Table  VI  - I)  A casting  'VHP-390) 
using  600  ( teflon-treated  and  air-roasted  powder,  2)  A casting  (VHP-393, 
a remelt)  using  600°C  teflon-treated  and  air-roasted  powdei-,  3)  A casting 
. (\  HP-394)  using  600°C  teflon-treated  — no  subsequent  i-oast-powder,  and 

4)  A casting  (\  HP-399)  using  teflon-treated  material.  Table  \ II  gives  the  I 

limits  of  dete<  lion  of  impurities  in  Sri-  in  these  nalvses.  ! 

^ i 

I 

} 

As  can  be  sc-en  in  I ables  \ and  \ 1,  the  as-rec-i'ived  powder,  vacuum-  j 

baked  powder,  ;uid  the  casting  troni  such  arc'  all  rich  in  impurities  as  is  the 
casting  (VHP-390)  from  teflon-treated,  air  roasted  powder.  The  casting 
(\  HP-394)  using  teflon-treatc  d-no  j cjast -powde-r  and  The  two  remelts  of 
powder  (\  HP-393  and  399)  have  mainly  alkaline'  earth  impuritv  (Ha,  ('a,  and 
•Mg)  contamination.  Single  crystal  chips  and  a casting  from  such  chips  had 
similar  alkaline  earths  as  contaminants  hut  at  different  levels  of  contamination.  ' 


Clearly,  these  results  show  that  castings  of  both  Cal  ,,  and  Sri  2 can  he 
obtained  with  low  cation  impurity  levels  (with  the-  exception  of  the-  alkaline  earths! 
as  was  the  case  for  ingots  cast  using  single  c i-ystal  chips. 


As  mentioned  above,  the  early  castings  of  Srl'2  ^ 2 from 

purified  powder  (and  .several  ca.stings  prepared  from  single  c'rystal  chips) 
seemed  quite  su.sceptible  to  thc'rmal  shock  cracking,  being  prc'dominantly  inter- 
gr  anular  in  nature.  I his  hc'havior  suggi'.sted  weakened  grain  boundaries  due  to 
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TABLE  V 


ANALYSES  OF  "RPJAGENT"  GRADE  SrF„  SAMPLES 


JARRELL-ASH  DIVISION 

Fisher  Scientific  Company 
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TABLE  VI 


ANALYSES  OF  "REAGENT"  GRADE  SrF^  SAMPLES 


JARRELL-ASH  DIVISION 
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imparity  precipitation  and  led  to  further  investigation  which  solved  the 
problem  as  mentioned  above.  Samples  of  three  cast  fluorides  - BaKg. 

Srl‘2»  andCap2  (VHP-147,  311,  and  317,  respectively)  that  failed  inter- 
granularly  were  investigated  by  X-ray  microprobe  analysis  and  SUM 
(scanning  electron  microscopy).  Microprobe  analysis  of  impurities  and 
their  distribution  in  these  samples  indicated  a weak,  uniformly  distributed 
contamination  of  A1  (in  and  Baf  ^).  ( a (in  Srf  ^).  and  Sr  (in  BaF2). 

In  addition,  the  grain  boundary  surfaces  showed  localizec.  accumulations 
containing  predominantly  Na,  S,  fl,  K and  occasionally  also  Mg,  Si,  I'e, 
and  Zn.  I hese  accumulations  seemed  to  be  located  in  surface  irregularities 
such  as  holes,  cracks,  and  precipitates.  To  obtain  a clearer  correlation 
between  surface  appearance  and  in. purity  content,  magnified  maps  of  the 
grain  boundary  surfaces  were  produced  from  o\erlapping  SKM  pictures. 
Specific  irregularities  were  identified  and  subjected  to  microprobe  analysis, 
the  results  of  which  follow. 

I-  igures  3 and  4 illustrate  the  example  of  Hal- 2 (\  II  P-147),  f igure  3a 
shows  the  general  surface  area  with  irregularity  at  the  intersection  of  two 
grains.  I he  precipitate  is  shown  at  higher  magnification  in  Pig.  3b.  ('are 
was  taken  to  avoid  contamination  of  the  surfaces  during  hamiling,  but  it  is 
not  entirely  ( leai’  in  this  erase  if  the-  precipitate  is  not  a result  of  handling. 

1 igure  4a  is  tht  overall  X-ray  speertra  from  microprobe  analysis  of  both 
the  general  uniform  di.stribution  of  th<-  grain  boundary  surface*  (de.signated 
matrix)  and  the  precipitate  (de-signat<-d  location  I).  I- igure  4b  is  the 
strippe  d X-ray  spectrum  of  the-  precipitate;  i.  e . , the  matrix  spectrum  is 
subtracted  freem  the-  [u-e-cipitate-  spee-trum.  Any  differe  nces  in  impurity 
concentrations  between  the  two  are  shown  as  shari)  pe.-aks  in  the-  stripped 
spectrum.  In  this  case  the  pr  e c ipitate  is  enric  hed  in  K,  S,  and  Cl. 


k I 


.Similarly,  1- ig.s.  .Sa  and  ah  show  the  grain  boundary  fracture  surface 
of  .Srl-  2 U'IIP-311)  with  several  irregularities  and  a magnification  of  a 
similar  irregulai  ity,  re-spec-tively.  .Such  irregularitie's  appe  ar  to  be  pre- 
cifiitates  torn  from  the  matri.x  during  fracture  and  are  c-lc-arly  not  contam- 
inant.s  from  handling.  I- igure.s  (ia  and  6b  show  the  X-ray  spectra  for  the 
two  areas  — the-  matrix  (no  precipitates  probed)  and  pre-cipitate  (designated 
location  1,  the  latter  showing  the  area  to  be  e-nriched  in  Na,  K,  and  Cl. 
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I'ig.  6a  X-ilay  Spectra  of  Cast  Sri'2  Sample 
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6b  Stripped  X-Ray  Spectrum  of  Cast  SrP'  Sample 
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I'iiKilly,  I'i.nt'.  7n  - r show  similar  f^n-ain  boundary  surl'accs  oi'  cast 
Cal'.^  (\111^-IU7)  anil  threo  finite  dil'ff'ri'nt  suid’acc  irroffularitics  (designated 
locations  1,2,  and  2 in  the  X-ray  spectra  of  l’’igs.  Ha  and  8b).  It  can  also 
be  noted  (1  igs.  7a  and  7b)  by  the  ripply  effect  of  tlie  general  surface  that 
true  intergi-anular  failure  occurred,  whereas  for  the  and  Si'K^, 

cleavage  steps  a>'e  also  i^i-esent.  I'l-om  the  X-ray  spectra  of  !•  ig.  8a  it 
can  be  seen  tliat  ihe  C’al',^  mati-ix  has  few  impurities.  However,  tlie 
irregularities  are  cpiite  i-ich  and  substantially  different  from  each  other, 
as  Iji'st  seen  in  the  stripped  X-ray  spec  tra  of  f ig.  8b.  'I’he  protruding  mass 
of  lof  ation  1 is  eni-iched  mainly  in  iMg,  Al,  Si,  and  l"e:  while  what  appears  to 
be  a hole  at  location  2 is  enidched  in  Si,  S,  Cl,  and  K.  l-'inally,  the  white 
precipitate  at  location  8 is  f ni-iched  mainly  in  Na,  Si,  Cl,  and  K. 

The  above  I'csults  indicate  tliat  the  l)ulk  of  the  contamination  may  l)e 
loc  ali'/.ed  in  accumulations  at  the  grain  boundaries.  W hether  or  not  these 
impuidties  si  riously  affect  the  mechanical  properties  (such  as  thermal 
shock  resistance)  [s  not  ciuantitatively  known.  I'urther  t'ffort  is  being 
phmnerl  to  fully  evaluate  their  effei  t. 

2 . 2 Inert  Atmosphere  Casting 

Curing  this  period,  work  was  initiated  to  develop  a casting  technique 

-4 

in  an  inert  atmosphere  instead  of  the  high  vacuum  (10  torr  or  better)  re- 
quired normally.  The  advantage  of  inert  atmosphere  operation  is  that  uni- 
directional solidification  may  be  better  accomplished  due  to  the  better  heat 
transfer  provided  by  the  gas.  It  is  also  desirable  because,  in  the  event  of 
scale-up  to  larger  sizes,  an  inert  atmosphere  may  be  less  expensive  and 
more  convenient  to  provide  than  a high  vacuum  system. 

A series  of  castings  of  ^ were  attempted  in  the  vacuum  hot  press 
furnace  using  dry,  high  purity  argon  (passed  over-  titanium  chips  at  800  - 
900°(  to  remove  residual  1I2^  provide  partial  pressures  of  1, 

5,  15,  2 5,  and  50  torr.  The  castings  ai’(‘  listed  in  'Pable  1.  As  expected, 
better-  heat  transfer  i-esulted  in  complete  unidirectional  solidification  in  all 
but  two  of  the  castings  (\  lfP-801  and  817).  However,  except  for  these  same 
two  castings,  as  well  as  VHP-875,  the  inert  atmosphere  castings  were  all 

83 
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Fig.  8a  X-Ray  Spectra  of  Cast  CaFg  Sample 
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STRIPPED  X-RAY  SPECTRA 
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Fi,7.  8b  Stripped  X-Ray  Spectra  of  Cast  CaF„  Sample 
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slightly  discolored  (a  yellowish  to  bluish  tinge)  indicating  that  the  atmosphere 
was  not  sufficiently  inert  and  that  there  was  impurity  pickup  in  the  castings. 
l''m-ther  attempts  are  presently  under  way  to  improve  the  technique. 

2.  3 Hot  Forging 

During  this  reporting  period  only  two  hot  forgings  were  attempted,  as 
listed  in  Table  I.  One-inch  diameter  samples  were  core  drilled  from  a poly- 
ci-ystalline  casting  of  CaF2  (VHP-302  and  303)  in  the  vacuum  hot  press  furnace. 
Both  were  successfully  forged,  but,  as  was  the  case  with  hot  forged  single 
crystal  samples  of  Cap2.  ^ the  i-esultant  grain  size  was  large  (on  the  order  of 
several  millimeters)  due  to  the  high  forging  temperature.  No  further  work 
on  hot  forging  is  presently  being  planned  because  of  the  very  good  mechanical 
properties  of  the  castings  as  will  be  discussed  later. 

2.  4 Strain  Annealing 

One  of  the  major  problems  with  the  fusion  casting  of  the  Huorides  is 
the  residual  strain  present  in  the  ingots  cast  in  the  vacuum  hot  press  furnace, 
due  to  rapid  or  uneven  cooling.  The  problem  was  alleviated  somewhat,  as 
mentioned  earlier,  by  the  furnace  modification  allowing  controlled  cooling  to 
room  temperature  from  the  solidification  temperatures.  However,  the  cast 
ingots  still  come  out  strained  (!■  ig.  9)  and  must  be  strain-annealed  prior  to 
subsequent  handling.  The  strain  annealing  procedure  that  has  been  used 
extensively  during  this  period  is  the  same  as  that  developed  during  the  first 
six  months,  i.  e. , annealing  at  900'C  for  10  hours  followed  by  controlled 
cooling  at  25°C‘/ hr.  to  room  temperature.  Samples  of  cast  Sri- 2 thus  annealed 
show  marked  strain  reduction,  but  as  f ig.  10  illustrates,  the  procedure  is 
not  entirely  successful  in  producing  completely  strain-free  material.  How- 
ever, with  the  strain  reduction  achieved,  further  handling  of  the  cast  ingots 
could  be  done,  e.  g. , core  drilling,  cutting,  grinding,  and  polishing,  without 
marked  susceptibility  to  cracking.  However,  with  the  installation  of  the  high 
vacuum  system  for  the  two-zone  annealing  furnace,  several  attempts  were 
made  late  in  this  period  to  anneal  SrF2  ^ higher  temperature,  i.e.,  at 
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I' ig.  9 C ast  Srl'2>  as  Cast.  X'iewed  through  crossed  polarizers. 
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1-  ig.  10  t ast  SrF2  (Vj)  P-34.3)  After  900”(  Anneal  for  10  hrs.  and  ' 

Cooled  at  25°C/ hr.  \ iewed  through  crossed  polarizers. 
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lOOO'T  uiuicM-  hiL,fh  vac'uum  (10  - 10  torr).  'I'lu'  initial  results  arc 

successful  as  l’i|,^  11  illustrates.  'l‘he  inj^ot  is  fairly  sti-ain-frce  aft(*r 
annealin.L;  at  lOOG^C  foi-  10  hours  followed  by  controlled  cooling'  at 
2 a °('/ I'f  • to  room  teniperatiu  i' • 


During  the  Ihird  ciuartcr,  a large  landberg  box  fui-nace  was  in- 
stalled in  the  laboratory-  It  has  he  ating  and  cooling  capabilities  at  con- 
trcllecl  rates  of  about  10  - 100"('  / hr.  (subject  1o  the  natuiail  heating  and 
I ooling  rates  of  the  furnace)  fi-om  room  teniperatui-e  to  l.)00°(  . 


Hy  using  an  Inconel  inc-rt  atniosph(*re  retoi't  (api)roximately 
10  /10  • 12  inches  inner  dimensions)  pi-eliminary  strain  anneal  runs  in 
an  inert  atmosphere  were  attempted  in  this  fui’nace.  Samples  were  one- 
inch  (liametei-  single  crystals  of  Cah  ,,  (Optovac).  The  proc  edure  foi-  each 
heat  treatment  was  to  heat  the  furnace  at  .hO”!  / hr.  to  the  soak  tiunpcTatui'e 
after  purging  the  system  as  desired.  The  soak  tempei-ature  (BOO,  900,  or 
lOOO^C  ) was  held  for  ten  hours,  followed  by  cooling  at  2.')°(7  hr.  to  room 
temperature.  Table  \DII  piresents  the  results  ol  therse  runs.  1 he  samples 
heated  in  air  or  argon  at  1000'’r  showed  fine  white  precipitates  distributed 
either  uniformly  throughout  (opacity)  or  as  veils.  .Samples  heated  in  ai’gon 
or  helium  without  sufficient  purging  at  GOO^C  also  showed  some  opacity. 
However,  samples  annealed  at  BOO  or  900°C  and  properly  purged  with 
argon  wer'C  as  transparent  as  bc*fore  and  showed  no  scattering  (as  viewed 
with  a He-Ne  laser  beam).  So  for  <'ah'2,  annealing  at  900°C  in  argon  may 
be  a viable  alternative  to  vacuum  annealing  at  900°C. 

However’,  since  vacuum  annealing  of  ’“'''as  more  successful  at  1000  ( 

and  sinc.e  the  above  results  for  f'ah'2  indicate  a maximum  useful  annealing 
capability  in  argon  of  only  OOh^C  without  impur-ity  pickup,  an  alternative  was 
tried.  That  is,  the  l^ch  ^ sample  to  h.*  annealed  is  placed  in  a closed  crucible 
with  pieces  of  teflon  and  subsequently  annealed  at  1000°C’,  the  teflon  vapors 
providing  a "purifying"  atmosphere.  Th<‘  results  of  several  I’uns  were  mixed 
but  encouraging.  That  is,  there  is  strain  reduction  but  the  pi-ocedurc  must 
be  dc-veloped  fui’ther  before  a final  analysis  is  given. 
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I ie.  11  Cast  Srl'2  (VlIP-395)  After  1000‘’C  Anneal  for  10  hrs 
ar d ( ooled  at  2 5°('/  hr.  V'iewed  through  c'rossed 
polarizers. 
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2 . 5 Optical  Properties 


Tlic  feasibility  of  castii  g consistently  high  quality  and  OaJ-'^ 

has  been  demonstrated  by  using  either  high  purity  single  crystal  chips 
or  purified  ’’reagent"  grade  powder  as  starting  materials.  Loss  meas- 
ui’ements  done  liy  laser  calorimetry  wore  made  at  5.25pm  for  (^'al-'2  (both 
purified  powder  and  single  crystal  starting  material),  SrJ'  (single  crystal 
starting  material),  and  (puidfied  powdei'  stai'ting  material).  Figures 

12,  12,  and  14,  respectively,  plot  the  total  absorption  versus  kngth  for  these 
eastings.  Note  that  the  measurements  for  cast  C’aF^  fall  on  the  same  line 
regardless  of  the  starting  material  (l•'ig.  12). 


'I’lie  results  are  summarized  in  Table  IX  for  both  C'aF2  and  Srl'‘2. 

The  average  5.2i^m  bulk'  absoi-ption  coeflieient  of  cast  Oah'^  ingots  is 

(4.2  ± 0.  1)  / 10  cm  ^ - 14  measurements  on  10  ingots  - results  essentially 

equivalent  to  the  measured  value  for  single  crystal  C'ab'  and  quite  near  the 
-4-1  2 I 

value  of  1.  8 X 10  cm  predicted  from  the  exponential  law.  The  results 

for  an  ingot  of  Srl-'2  cast  from  single  ci-ystal  chips  show  an  average  5.25pm 

bulk  absorption  coefficient  - (6.7  ± 1.0)  v I0"^cm"^  - near  the  value  - 

(4.  1 ±0.7)  . 10  cm  — for  single  crystal  Srl'2  as  reported  by  Deutsch^ 

and  near  the  value  of  2 x 10  ^ cm  ^ predicted^from  the  exponential  law.  The 

present  results  show  a higher  value  - (1.7  ± 0.2)  X lO"'^  cm”^  - for  one 

ingot  of  Srl'2  purified  powder.  Hov.'ever,  further  work  is  underway 

w itl\  pur  ified-powder  castings  since  tlie  results  lor’  C'al'  ^ ai’e  so  encouraging. 

'I’he  above  results  show  clearly  that  for  both  C'al'2  and  SrF2»  the  fusion 
casting  process  does  not  degrade  the  optical  properties  of  high  purity  single 
crystal  starting  material.  !■  urthermore,  it  has  been  shown  that  an  all  graphite 
system  is  capable  of  achieving  high  quality  material,  that  polycr-ystalline  ma- 
terial is  equivalent  in  optical  quality  to  singL  crystal  material,  and  that  at  least 
for  (-  al‘2.  purified  "reagent"  grade  powder  is  equivalent  to  single  crystal  chips 
when  used  as  starting  material. 

The  bulk  absorption  coefficient  is  defined  as  the  total  absorption  per  unit 
length  less  the  correction  for  surface  loss,  as  determined  from  the  slope  and 
intercept  (zero  length),  respectively,  of  the  absorption  versus  length  plots. 

An  apparent  absorption  coefficient  is  defined  as  the  total  absorption  per  unit 
length  with  no  surface  loss  correction. 
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Total  absorption  (xio 


PBN-75-202 


Total  absorption  ( X 10 


PBN-75-284 


Cast  Srp2 

(single  crystal 
starting  material ) 


O Peak  method 
A Slope  method 


/3  =(6.7±1.0)x  iQ-^cm-’ 

/3c  =(3.1  ± 1.5  ) X 10'^ per  surface 


Sample  length- cm 

13  5.  2 5/um  Optical  Ab.sorption  vs  Length  for  Cast  Sri 

Harshaw  single  crystal  chip  starting  material 


Tota!  absorption  (xio 


Cast  Srp2 

(purified  powder 
starting  material) 


PBN-75-283 


O Peak  method 
A Slope  method 


yS  ={1.7±0.2)xi0''*cm'' 


2.0 


yS5  = (1.9  ± 2,7)  X iO'®per  surface 


2.0  3.0 


Sample  length -cm 


Fig.  14  5.  25^m  Optical  Absorption  vs  Length  for  Cast  SrF 

Purified  "reagent"  grade  powder  starting  material 


SUMMARY  OF  FLUORIDE  MEASUREMENTS 
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Laser  calorimetry  measurements  at  II.  fljum  (131'‘  laser)  have  been  made 
by  otlicr  investigators  on  several  samples  of  llaytheon-east  material  and  in- 
dicate excellent  quality.  An  apparent  absorption  coefficient  at  3.8pm  for 

- 4 - 1 3 

cast  ^ ‘■>•'2  measured  to  lie  near  3.  5 X 10  cm  at  TRW.'  At  the 
University  of  Alabama,  Huntsville,  3.Bpm  apparent  absorption  coefficients 

-4  -1(4)  _4  -1(5) 

were  measured  neat'  G / 10  cm  and  2 X 10  cm  for  cast 

cast  respectively.  No  surface  loss  corrections  were  made  on  these 

above  values. 


For  the  samples  of  2 t'vystals  heat  treated  in  the  Lindberg 

box  furnace,  the  results  are  as  follows:  I'or  the  samph.'s  annealed  in  purified 

argon  at  either  800  or  900 “C  (sufficiently  purged),  no  increase  in  the  5.2  5pm 
apparent  absorption  coefficient  (4.7  ±0.3  < 10  cm  ) was  measured  as 
c'ompared  to  unannealed  single  crystal  ('ah',,.  At  lOOO'^C  (in  argon)  an  in- 
crease is  observed  (1.2  X lO  ^ cm  ^)  with  a corresponding  increase  in 

scattering  (as  viewed  with  a He-Ne  laser  ).  These  results  correlate  with 

-2  -3 

those  reported  earlier  on  vacuum  (10  - 10  torr')  annealing  at  800,  900 

and  IdOO^C.  ^ In  both  cases  it  now  seems  clear  that  the  systems  are  not 
sufficiently  O^-free,  but  that  the  damaging  reactions  occur  only  above  900 '’C, 
at  least  within  the  time  period  of  these  j'uns  (10  hours)  and  with  tire  low  but 
unknown  impurity  concentration  present. 


For  those  samples  cf  2 with  a partial  pressure  of  argon 
(inert  atmosphere  of  1 - 50  torr)  present,  the  samples  wei-e  typically  dis- 
colored as  mentioned  previously.  One  sample  (VHP-318)  that  was  discolored 

a faint  yellow-blue  had  a measured  5.25pm  apparent  absorption  coefficient  of 
“3  “1 

5.8  X 10  cm  : another  similarly  cast  sample  (VHP-317  - 50  torr  argon) 

-4  -1 

was  colorless  with  a very  good  apparent  absorption  coefficient  of  4.  1 X 10  cm 
However,  another  colorless  sample  (\T1P-301  - 25  torr  argon)  was  higher,  with 
a value  of  1.  16  ± 1.2  X lO"^  cm~^.  However,  for  the  latter  value  the  loss  maybe 

surface  connected.  After  repolishing  by  an  optician  the  value  fell  to 

-4  - 1 

8.  2 ± 0.  1 X 10  cm  , and  with  an  additional  chemical  etch  the  value  was 

-4  - 1 

6.  7 ± 0.  6 X 10  cm  . Clearly,  the  above  results  are  mixed  and  further  work 
is  underway  to  improve  the  technique. 
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2 . C Mechanical  l^ropertles 

Preliminary  mechanical  property  measurements  have  been  obtained 
on  Pal'’^  and  Srl-',^.  l-’racture  strengtli  as  a function  of  surface  preparation 
was  determined  for  single  crystal  Caf',^  and  SrF^  and  polyc'rystalline  cast 
C'al-'.^  and  SrK,^.  The  stress  strain  curves  were  determined  in  three-point 
bending  on  an  Instron  universal  testing  machine,  d'he  sample  span  was  one 
inc'li  and  tlie  c'ross-hc'ad  spi*ed  was  0.05  cm/ min.  Nominal  sample  cr'oss 
set  tions  were  A/  1 ti  ■ ?>/  1C  inches.  'I'est  bars  were  obtained  from  annealed 
ingots  Idv  cutting  and  polishing  and  wer-c  tested  immediately  or  were  either 
chemically  polislied  in  ec'ncentrated  H^SO^  or  annealed  prior  to  testing. 

1- or  a numlicr  of  samples  extra  attention  was  given  to  polishing  the  edge 
bevels,  tis  noted  in  tlie  tabulated  results.  Sample  dimensions  were  meas- 
ured after  testing  to  prevent  surface  damage.  Grain  size  for  the  poly- 
crystalline cast  samples  is  generally  on  tlie  oj'der  of  one  cni.  In  all  cases 
fractur(‘  occ  urred  with  no  apparent  yielding. 

Tile  results  as  presented  in  Tables  X and  XI  show  the  effects  of 

polishing  and  annealing  on  the  fracture  strength  of  Gal'^,  and  indicate 

qualitatively  the  large  effect  surface  iireparation  has.  3y  going  from  a rough 

polish  (wet  COO  grit  grinding  paper  - I-'ig.  15)  to  a normal  in-house  laboratory 

polish  (1-  ig.  1C)  or  to  an  optical  polish  (polished  on  a pitch  lap  by  an  optician) 

as  sliown  in  !•  ig.  17,  the  strength  of  cast  O'ah  ^ is  raised  from  8000  psi  to 

14,  COO  psi  and  13,  900  psi,  r’espectively.  Moreover,  the  normal  lab  polished 

samples  which  were  cliemically  polished  prior  to  testing  (calculated  to  remove 
5 ° 

about  1 10'  A from  each  surface)  show  a value  of  12,  500  ± 1800  psi.  Note 

that  for  thc>  samples  on  which  extra  attention  was  paid  to  polishing  the  edge 
bevels,  the  fracture  strength  is  raised  to  an  average  of  18,  000  psi  but  decreased 
to  1 1,  700  psi  for  the  lab  and  optical  polishes,  respectively. 


l or  single  crystal  O'al'^  (Table  XI)  the  polishing  results  are  similar,  i.e., 
going  from  a rough  polish  to  lab  and  optical  polishes,  the  fracture  strength  is 
increased  from  7200  psi  to  18,  500  psi  and  18,  400  psi,  respectively,  values 
essentially  equivalent  to  the  east  material  and  not  unexpected  due  to  the  large 
grain  size  of  the  castings. 
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'rhese  polishing  i-osults  (and  the  large  scattei-  in  the  data)  for  both 
cast  and  single  crystal  material  indicate  that  sti*ength  is  limited  by  sui'face 
and  edge  flaws.  Damaging  flaws  may  be  removed  in  part  by  more  careful 
mec'hanical  polishing. 


Kurthei-  evidence  is  seem  in  the  effect  of  annealing  individual  test 
bai’S  prior  to  testing  as  also  indicated  in  Tables  X and  XI.  Annealing  sig- 
nificantly inci-eases  the  fi-acture  .strength  of  both  cast  and  single  crystal 
specimens.  .Samples  .similai’ly  jioli.shed  as  above  — roughi  lab.  and  optical 
polishes  — and  annealed  prior  to  testing  show  inci-eased  fi’acture  strengths 
of  12,  700,  Hi,  700,  and  20,  200  psi,  respectively,  for  cast  C'ai'2  and  15,  600, 
17,800,  and  26,  500  psi,  i-espcctively,  for  single  crystal  C'aKg-  As  was 
the  case  for  as-polished  cast  samples,  those  as -annealed  test  bars  on  which 
e.xtra  attention  was  paid  to  polishirij^  II, e edge  bevels,  the  fracture  strength 
is  i-aised  (to  18,  900  psi)  and  lowered  (to  23,  400  psi)  foi’  the  lab  and  optical 
polishes,  i-espectively. 

i^vidently  by  annealing  the  test  bar.s,  .some  .surface  damage  is  either 
reduced  or  removed,  a further  indication  that  the  fractur'c  sti'ength  of  Caf  2 
is  limited  by  surface  flaws.  This  assumes  that  bulk  strain  in  all  the  bars  are 
the  same,  supported  qualitatively  by  viewing  each  specimen  between  crossed 
polarizers  before  testing  and  noting  no  differences.  That  is,  all  test  bars 
appear  macroscopically  strain-free,  whether  they  are  to  be  tested  as-polished 
or  as-annealed  (polished  then  subsequently  annealed). 

In  all  the  above  cases,  fracture  was  predominantly  transgranular  in 
nature  (i.e.,  cleavage).  However,  in  the  eases  of  samples  of  east  CaV  ^ 
which  were  taken  from  castings  annealed  in  the  degrading  anneal  procedure 
(1000“C  in  vacuum  of  lO"^  - lO"'^  torr)  fracture  was  totally  intergranular  in 
nature  and  strengths  were  markedly  reduced  to  4700  ± 600  psi  (lab  polished 
samples)  from  14,  600  psi.  However,  even  in  this  instance,  surface  damage 
is  limiting,  since  similar  samples  which  were  subsequently  chemically  polished 
.show  an  increa.sed  strength  to  6500  ± 1300  psi,  but  still  far  below  the  12,  500  psi 
level  of  similarly  chemically  polished  specimens  cut  from  castings  annealed  at 
900 °C.  Thus  it  appears  that  annealing  procedur-  not  only  degrades  the  optical 
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l)ropoftirs  but  also  signifiranlly  affects  tlie  mechanical  properties.  Since 
frai'lui-c  is  intcrffranular,  it  suf(f,u‘sts  gi-ain  boundary  weakening  as  a result 
of  an  imi)uritv  [)i-ec if)itation  problem  as  previously  dis'uissc'd. 

Preliminary  results  for  single  ci'ystal  and  east  samples  as  listed 

in  I’able  Xll  sliow  a surface  damage  dependence  similar  to  f'ap2i  althougli 
rougli  polished  SrK.^  is  strongei-  than  similarly  polislu'd  Cal’’,j.  For  cast 
SrF,j  tlie  as-polished  samples  (rougli,  lab,  and  lab  edge  |iolishes)  sliow 
avei-age  fi-actur('  strengths  of  10,  HOO,  11,200,  and  12,800  psi,  respectively. 
Similai'lv  [lolished  samples  annealed  prior  to  testing  show  an  increased 
sti-engnii  to  1 f),  000,  10,000,  and  16,200,  respectively.  Single  crystal  Srl'^ 
shows  an  equivalent  fi-acture  strength  compared  to  cast  samples,  i.e.,  the 
values  for  lab  polished  single  crystal  Srl-^  are  11,  200  psi  and  16,  400  psi  for 
as-polished  and  as-ann('aled  samples,  respectively. 

Hardness  measurements  were  also  taken  on  samples  of  (’al'2  and 
SrF,, . Hardness  is  determined  with  a Vickers  DPH  indenter  and  a 50  gm 
load  mounted  on  a X’ickers  M-55  metallograph.  The  results  that  appear  in 
TaiHe  XIH  siiow  that  tliere  is  no  difference  in  hardness  in  single  crystal  or 
cast  material  for  either  Sri',,  or  f’al'2  and  that  f’al'2  is  slightly  harder  than 
•Si'  F., . 
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VK  KBHS  IIARDNBSS-^  ()!■  ('aF^  AND  Srl\, 

^ ■■  ^ 


Single  Crystal 
Folycrystalline  Cast 


SrK^ 

CaF^ 

17]  ± 2 

191  ± 2 

173  ± 1 

194  f 2 

\ ickers  Hardness  Number,  50  gram  load;  average  of  four  measurements 
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SI  MIUAKV  AND  CONDI, I SIONS 


;c  1 Castinff 


Consistently  hiftli  qualitv  castin^ts  of  both  Cal  ^ and 
f ai) I’ ic ated  repai'dless  of  the  stantinj^  matc'rials.  1 hat  is,  eithc'r  liij^h 
jxiritv  smt;l(  crystal  chips  or  pre-tri>ated  (vacuum  baked  or  1{A  !'’-i'ea('tive 
atmosphere  proi  i-ssin”  - ti  eated  in  ti  flon  vapoi-s)  ’'rc  at'ent"  ^rade  powder 
c an  bv  used  as  startiny  imUcudal  to  yie  ld  ((|uival('nt  castings. 


Castin^^s  of  C.ih  .j  were  attempted  in  an  inert  atmosphere  - partial 
pr(‘ssures  of  arcton  from  1 - aO  torr.  1 h('  aehantafjjc  is  that  unitlirectional 
solidification  is  better  aceomplished  hec  aiisf*  oi  the  hi  ttt“r  h(‘at  transfer 
provide-ei  hv  the'  {2;as.  The  p."oe  eelure  ne>eds  more  i-efinement  hc'causc  the 
e-astin}4s  are  typically  discolorc'd. 


:i.  2 Hot  rortflnp 


Ih'eliminai'v  hot  forttinys  ot  polye  rystalline-  c'ast  C al-.^  have  hee*n 
done  at  1000°C.  At  this  hi^h  tempe-rature  a larf»e  p>rain  si/.e>  results  so 
that  not  much  aelvantafje  in  tli’ain  size  reduction  is  gained. 

:■! . 2 Optical  lh’e)perties 


’).2aum  calor ime  trie'  hulk  ahsorptiern  coefficients  of  cast  ( ^il’o 

have  been  ' onsisteuitly  o!)tained  ne^ar  ‘1.2  ■ 10  cm  re^uardle-ss  ot  the 

startinf4  material.  Those  castinf»s  of  Cal'  2 lubricated  in  an  inert  atmosphere 

of  arfion  have  5.25^1111  appare'nt  absorption  e-ereff ic ients  typie-ally  greater  than 
'.'1  ” 4 1 

1.0  ■ lO"''  cm"  , although  one'  was  as  low  as  4.  1 ' 10  cm 

In  preliminary  I'csults  the  a.2ajjm  hulk  absoi’ption  coclficient  of  c'ast 
SrF.^  lit'H  ne'ar  (i.  7 / lO"'’  cm'^  for  an  ingot  cast  using  single*  crystal  chips  as 
stai'ting  mateu’ial  and  lies  ne'ar  1.7  / 10  cm  foi-  an  ingot  e'ast  from  purified 
"reagent"  grade  powder. 
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Strain  Anrifalinu 

l or  highly  strainrd  inyots  uf  c ast  C al-  , strain  annealing  has  been 
siic»essful  at  900“C'  either  in  vacuum  or  inert  atmosphere  furnaces.  Highly 
strained  ingots  of  cast  Srf  , have  been  successfully  strained  annealed 
at  1000°C  in  a high  vacuum  furnace. 

3.  5 Mechanical  Properties 


Mechanical  measurements  on  c ast  Cal-  ^ show  average  fracture 
strengths  ranging  from  a minimum  near  8000  psi  to  near  28,200  psi, 
depending  on  both  the  ijuality  of  polished  surfaces  (and  edges)  and  whether 
or  not  the  polished  test  bars  are  subsequently  annealed  at  900*C  ( a strain 
relief  procedure).  The  results  are  equivalent  to  the  values  for  single 
crystal  fai  , for  which  similar  polishing  and  annealing  procedures  show 
average  fracture  strengths  rangine  from  7200  psi  to  26.  500  psi.  In 
preliminary  results  the  average  fracture  strengths  for  cast  and  single  crystal 
Srl-^  range  from  10,  800  psi  to  16.  000  psi  and  from  11,  800  psi  to  16.  400  psi, 
respcctis  el\ . The  best  (for  C al-^)  surface  polish  has  not  yet  been  evaluated 
for  Sri-  2 . The  dependence  of  fracture  strength  on  both  surface  polish  and 
annealing  history  is  evidence  that  fracture  for  the  fluorides  is  determined 
by  surface  and/or  edge  flaws.  The  preliminary  results  also  show  that  .SrF 
is  equivalent  in  strength  to  Cal-  ^ and  that  polycrystalline  cast  material  is  ^ 
i-quivalent  to  single  crystal  material. 
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4.0  PLANS  !■  Oil  Ni:x  r Cjl  AliTl'^R 


Woi'k  dui-ing  the  fifth  ciuarter  w ill  inrlude  tlio  follov/inf^  ar(*as  of 


effort: 


].  Continue  the  investi^fation  of  pur ific'ation  treatments  ol  "rea{,U‘nt" 
grade  starting  powder  for  fluoi-ide  castings,  especially  lor  Sri 

2.  Continue  the  develoiinumt  of  a casting  procedure  in  an  inert 
atmosphci-c. 

3.  Continue  the  mechanical  pi  opei-ty  evaluation  of  cast  fluorides 
(SrF,j  and.  Caf  ^)*  including  chemical-mechanical  polishing  proceoures. 

Begin  fractography  analysis  in  order  to  detei'inine  points  of  fractal  e 
initiation  in  the  fluorides. 

4.  Continue  the  evaluation  of  different  annealing  procedures,  especially 
inert  atmosphere  operations  at  lower  tempci-atures  and  teflon  vapor  operations 
at  higher  temperatures. 

5.  Investigate  the  effect  of  aliovalent  additions  to  the  fluorides  under 
controlled  casting  conditions. 


REI'ERENCLS 


5.  0 


1.  R.  T.  Newberf^  and  .1.  Pappis,  "Castinf?  of  Halide  and  I*'luoride 
Alloys  for  Laser  Windows,  " Semiannual  Technical  Repori;  No.  1, 

C ontract  No.  Kl962H-74-r-0148  (December  1974). 

2.  T.  !■'.  Deutsch,  'Research  in  Optical  Materials  and  Structures 
for  High  Power  Lasers,  " Final  Technical  Report,  Contract  No. 
DAAH01-72-C-0194  (December  1973). 

3.  Private  communication  with  G.  Wong,  TRW  Systems,  Redondo 
Beach,  CA. 

4.  .1.  A.  Harrington,  K.  V.  Namjoshi,  S.  S.  Mitra,  and  D.  L.  Stierwalt, 
"Low  Loss  Window  Materials  for  Chemical  and  CO  Lasers,  " Proc. 

4th  Annual  Conf.  on  Infrared  Laser  Window  Materials,  Tucson,  AZ., 
Nov.  1974  (Jan.  1975). 

5.  Private  communication  with  J.  Harrington,  University  of  Alabama, 
Huntsville,  AL. 


62 


